The ovaries of 18 post-partum beef suckler cows were examined daily, using ultrasound, from Day 5 post partum until a normal oestrous cycle was completed. Periods of growth and regression of medium-sized (5\ p=n-\ 9 mm) follicles were identified before one medium follicle became dominant (single large follicle \ m=ge\ 10 mm). The mean ( \m=+-\ s.e.m.) number of days from parturition to detection of the first post-partum dominant follicle was 10\m=.\2 \m=+-\ 0\m=.\5.The first post-partum dominant follicle ovulated in 2/18 (11%) cows. The interval from calving to first ovulation (mean \m=+-\s.e.m. = 35\m=.\9 \m=+-\3\ m=. \ 3 days) was characterized by the growth and regression of a variable number (mean = 3\m=.\2\ m=+-\ 0\m=.\2;range 1\ p=n-\ 6) of dominant follicles. The maximum diameter of the dominant follicle increased as the cows approached first ovulation (P < 0\m=.\05). Behavioural oestrus was not detected in 16/18 (89%) cows at first ovulation. Following first ovulation, the length of the subsequent cycle was short (mean = 9\m=.\7 \ m=+-\ 0\ m=. \ 5 days; range 8\p=n-\15 days) in 14/18 (78%) cows and was characterized by the development and ovulation of a single dominant follicle. During oestrous cycles of normal length (mean = 20\m=.\6\ m=+-\ 0\ m=. \ 5days; range 18\p=n-\23days) one (N = 2), two (N = 7) or three (N = 8) dominant follicles were identified. The growth rate, maximum diameter or persistence of non-ovulatory dominant follicles before first ovulation or during oestrous cycles were not different (P > 0\m=.\05). These data show that, in beef suckler cows, follicular development and formation of a dominant follicle occur early after parturition and the incidence of ovulation of the first dominant follicle is low. The number of dominant follicles that develop before first ovulation is variable; first ovulation is rarely associated with oestrus and short cycles are common after first ovulation. It is concluded that prolonged anoestrus in post-partum beef suckler cows is due to lack of ovulation of a dominant follicle rather than delayed development of dominant follicles.
Introduction
The patterns of follicular development in the early post-partum period of beef cows that are nursing calves are not well understood, despite the fact that such cows have a prolonged interval from calving to first ovulation (Wiltbank & Cook, 1958; Casida et ai, 1968; Oxenreider, 1968) . In dairy cows, follicular development resumes within 7-10 days after parturition and is characterized initially by the growth of small (<4mm) and medium (5-9mm) follicles (Savio et ai, 1990a) . Subsequently, one of these follicles is selected and becomes the dominant follicle. A dominant follicle is defined as the largest follicle which is present in the ovary and which can suppress the *Reprint requests to J. F. Roche. tPresent address: Carndonagh Veterinary Hospital. Carndonagh, County Donegal, Ireland. growth of other follicles. The first dominant follicle after calving ovulâtes in more than 70% of dairy cows, indicating that there is sufficient luteinizing hormone (LH) secretion to cause maturation and ovulation ofthe first post-partum dominant follicle (Murphy et ai, 1989; Savio et ai, 1990a) . It is not clear whether the long post-partum interval to first ovulation in beef cows is due to failure of a dominant follicle to ovulate or to lack of development of dominant follicles.
Using real-time ultrasound scanning techniques in cattle, it is possible to monitor accurately, on a daily basis, the growth and regression of individual follicles greater than 5 mm in diameter (Pierson & Ginther, 1984; Quirk et ai, 1986; Savio et ai, 1988 Savio et ai, , 1990a Sirois & Fortune, 1988; Knopfe/ ai, 1989) . The objectives of this study were to use daily ultrasound scanning techniques to monitor follicular development in the ovaries of post-partum beef suckler cows and, in conjunction with concentrations of progesterone and oestradiol in blood, to determine (i) the pattern of re¬ sumption of follicular growth after parturition, (ii) if there were periods of sequential growth and regression of dominant follicles before first ovulation, and (iii) if the length of the first ovarian cycle was affected by the post-partum interval to first ovulation as has been proposed previously (Savio et ai, 1990b) .
Materials and Methods

Animals
Eighteen Limousin Friesian cows (second to fourth parity) that calved normally, between 26 April and 25 May, were used. The cows were at pasture for the duration of the study and nursed a single calf, with the exception of one cow that was nursing twins.
Experimental protocol
The ovaries were scanned daily from Day 5 postpartum until each cow completed a normal (18-24 days) oestrous cycle. The ultrasound scanning equipment and methodology have been described previously (Savio et ai, 1988) , but the following modifications were used: (i) the reproductive tract was not palpated before ultrasonography; (ii) a 7-5 MHz transducer probe was used to scan the ovaries; (iii) only follicles >5mm in diameter were identified and recorded on a daily basis; and (iv) video-tape recordings were made of scanning events using a time-lapse video tape recorder (Panasonic, Livingston, West Lothian, UK). The tailhead region of all cows was painted once weekly and a virile steer was run with the cows to aid detection of oestrus. Confirmation of oestrus was based on visual observations of animals being mounted, removal of tail paint and associated signs of oestrus such as mucous discharge and increased activity.
Blood samples were collected daily by jugular venepuncture during the period of ovarian examination. The blood was stored at room temperature for 1 h and at +4°C for 24 h. After centrifugation at 100g for 20 min the serum was decanted and stored at -20°C until assayed for progesterone (Ronayne & Hynes, 1990) and oestradiol concen¬ trations (Korenman et ai, 1974) . The inter-and intra-assay coefficients of variation for a pool of samples containing 0-1, 0-8 and 4-8 ng progesterone/ml were 18-0, 11 -4 and 12-5% and 140, 4-4 and 10-4% respectively. The sensitivity of the progesterone assay was 0-03 ng/ml. The inter-and intra-assay coefficients of variation for a pool of samples containing 3, 7 and 14 pg oestradiol/ml were 10-3, 8-5 and 7-5% and 5-2, 90 and 70% respectively. The sensitivity of the oestradiol assay was 2 pg/ml. Each week the cows were weighed and body condition score was assessed (Lowman et ai, 1973) .
Definitions used
The definitions used were similar to those used by Savio et al. (1988) with the following modifications. Dominant follicle: the largest follicle present on the surface of the ovary in the absence of any other large (> 10 mm) follicle (Fig. 1) .
Ovulation: the disappearance of a large follicle followed by the development of a corpus luteum in the position previously occupied by the ovulatory dominant follicle (Fig. 2 ).
Normal cycle: an oestrous cycle which was 18-24 days in duration. Short cycle: an ovarian cycle which was^17 days in duration. Ovarian cycle: a cycle initiated and terminated by an ovulation, the first of which was not associated with a detected oestrus. 
Statistical analysis
Differences in maximum diameter, day of maximum diameter, growth rate, and persistence of dominant follicles were compared by one-way analysis of variance (SAS, 1985) . Serum concentrations of progesterone and oestradiol were not statistically analysed, but were used to confirm ultrasonographic observations of the reproductive status of the cows.
Results
Follicular development before first ovulation
It was not possible to scan the ovaries of 8 cows at Day 5 post partum due to the anatomy ofthe involuting uterus (Savio et ai, 1990a) . However, once ovaries were identified, it was possible to locate and scan them daily thereafter. Ovarian follicular dynamics before development of the first dominant follicle were characterized by the growth and regression of medium (5-9 mm) follicles (Fig. 3 ). The duration of detection of these follicles averaged 4 days (range 2-8 days). After a variable period of time, one medium-sized follicle continued growing while the other follicles regressed. This was the first post-partum dominant follicle and the interval from calving to its detection was 10-2 + 2-2 days (range 7-18 days). The first post-partum dominant follicle ovulated in 2/18 cows (11%). In the remaining 16 cows 3-0 ± 01 dominant follicles were identified before first ovulation (range 2-6 dominant follicles). The number of dominant follicles identified before first ovulation and the day post partum when each ovulatory follicle was identified are presented in Table 1 . The maximum diameter of the dominant follicle increased as the cows approached first ovulation ( < 0-05). The number of dominant follicles identified was correlated (r = 0-87, < 0001) with post-partum interval to first ovulation. Data from 2 representative cows showing the pattern of growth of non-ovulatory and ovulatory dominant follicles, between calving and first ovulation, are presented in Fig. 3 . The growth rate of the dominant follicle, associated with each period of follicular growth before first ovulation, in general, was not different ( > 005; Table 2 ). However, the ovulatory follicle grew more rapidly (P < 005) and persisted for a shorter period (P < 001) compared to most ofthe non-ovulatory dominant follicles (Table 2) . Interval from calving to first ovulation and first oestrus The interval from calving to first ovulation was 35-9 ± 3-3 days (range 20-61 days) based on determination of ovulation by ultrasound and confirmation by a subsequent sustained elevation in abMeans in the same column with different superscripts are different (P < 005). cdeMeans in the same column with different superscripts are different (P < 001).
progesterone concentrations. Data from 2 representative cows showing the patterns of follicular growth and progesterone and oestradiol concentrations, after first ovulation, are presented in Figs 4 and 5. First ovulation was not associated with detection of oestrous behaviour in 16/18 (89%) cows. Within the constraints of the system used for detection of oestrus in this experiment, the interval from calving to first oestrus was 54-2 + 3-2 days (range 19-92 days).
Duration of first post-partum ovarian cycles
The duration of the first post-partum ovarian cycle was 121 ± 1-2 days (range 7-23 days). In 14 of 18 cows the duration of the first post-partum ovarian cycle was 9-7 + 0-5 days (range 7-15 days). The 4 remaining cows had a normal ovarian cycle of 20-4 ± 0-5 days (range 18-23 days), and 2 of these 4 cows ovulated on Day 20 post partum.
Follicular development during short cycles
All cows with a short ovarian cycle developed one dominant follicle during this cycle, which subsequently ovulated (Fig. 4) . When resultant cycle was short in 14/16 (87%) cows. The growth rate of the dominant follicle detected during the short ovarian cycle was 2-3 + 01 mm/day and the maximum diameter was 19-1 + 0-5mm. There was no difference (P > 005) in growth rate, persistence and maximum diameter between the first post-partum ovulatory follicle, the dominant follicle ofthe short cycle or the ovulatory follicle of oestrous cycles with 2 or 3 dominant follicles (Table 3 ). The growth rate (P < 001) and persistence (P < 005) of the dominant ovulatory follicle in cycles with a single dominant follicle was slower than for other ovulatory follicles.
Follicular development during normal oestrous cycles
The duration of oestrous cycles in the cows studied (N = 17) was 20-4 ± 0-5 days. Follicular development during oestrous cycles was characterized by one (N = 2), two (N = 7) or three (N = 0-3 0-3 01 0-2 11 0-5 abMeans in the same column with different superscripts are different (P < 005). cdMeans in the same column with different superscripts are different (P < 001). c,8hiMeans in the same column with different superscripts are different (P < 0-0001). 8) dominant follicles. No data were available on the normal oestrous cycle of one cow which was removed from the study due to scanning difficulties. Oestrous cycles with three periods offollicular growth. The patterns of follicular growth during oestrous cycles in which 3 dominant follicles were identified are shown in Fig. 5(a) . A single domi¬ nant follicle developed in conjunction with a smaller number of non-dominant follicles. There was no difference in the growth rate or maximum diameter of the dominant follicle of the first and second periods of follicular growth (P > 005). The ovulatory follicle grew more rapidly (P < 001) and was larger (P < 005) than the dominant follicle of the first and second periods of follicular growth. The maximum diameter of the dominant follicle associated with the second period of follicular growth tended (P = 006) to be smaller than the ovulatory follicle. The persistence ofthe third dominant follicle was shorter than the first or second dominant follicle (P < 005). Nondominant follicles were observed for an average of 5 days during each of the periods of follicular growth.
Oestrous cycles with two periods offollicular growth. The patterns of follicular growth during oestrous cycles in which 2 dominant follicles were identified are presented in Fig. 5(b) . The growth rate of the second dominant follicle was not significantly different from the first dominant follicle (P > 005). The ovulatory follicle persisted for a shorter period than did the non-ovulatory follicle (P < 005). From data presented in Table 3 it can be seen that, with the exception of day of maxi¬ mum diameter and day of appearance of the dominant follicle, there was no significant difference (P > 005) in the parameters examined.
Oestrous cycles with one period offollicular growth. Two oestrous cycles were identified in which a single dominant follicle was detected (Fig. 5c ). In 1 animal (Cow 3), although only one dominant follicle was identified, a period of secondary follicular growth was identified (Fig. 5c ) on the ovary opposite to that bearing the dominant follicle. However, this was not associated with the development of a dominant follicle.
The growth rate, maximum diameter and persistence of dominant non-ovulatory follicles before first ovulation and during normal length oestrous cycles were not different (P > 005).
Discussion
The majority of post-partum beef suckler cows resumed follicular development early after calving. Initially, medium-sized follicles were identified and subsequently, a single dominant follicle devel¬ oped which generally underwent atresia rather than ovulation. The number of first dominant fol¬ licles which ovulated in beef cows was lower than that reported for dairy cows (Savio et ai, 1990a) . Recurrent growth and regression of dominant follicles occurred in those cows in which the first dominant follicle did not ovulate. The duration of the cycle after first ovulation was short in most post-partum beef suckler cows.
The resumption of follicular growth in cows after calving is affected by season Savio et ai, 1990a) , energy balance (Rutter & Manns, 1986; Butler & Smith, 1989 ), suckling (Oxenreider, 1968; Peters et ai, 1981) and infectious disorders (Chauhan et ai, 1984) . The pre¬ requisites for the re-establishment of follicular growth and ovarian cyclicity are uterine involution and escape from the suckling (or lactation)-induced inhibition of LH secretion (Malven, 1984; Butler & Smith, 1989) . The pituitary content of LH and responsiveness to gonadotrophins increase rapidly after parturition (Malven, 1984; Schallenberger & Walters, 1985) and are estimated to be fully recovered by Day 10 post partum in lactating dairy cows (Moss et ai, 1985) . The early estab¬ lishment of pulsatile LH release required for first ovulation is inhibited by suckling (Lamming et ai, 1982) .
The incidence of ovulation of the first post-partum dominant follicle (Murphy et ai, 1989; Savio et ai, 1990a) is high in dairy cows [28/33 (84%)] compared with only 2/18 (11%) in beef cows in this study. Data on follicular dynamics in the early post-partum period show that post-partum beef cows resume follicular growth and development of dominant follicles at a time (7-15 days) after parturition similar to that of dairy cows (Savio et ai, 1990a) . Thus, although suckling increased the interval to first ovulation relative to the intervals reported for dairy cows (Eipper & Mains, 1980; Fonseca et ai, 1983; Savio et ai, 1990a) , it did not delay resumption of follicular growth or development of dominant follicles in beef cows in this study. Our data show that, before first ovulation, there are recurrent periods of growth and regression of dominant follicles but that these dominant follicles fail to ovulate and consequently undergo atresia.
Functional studies of ovarian follicles, carried out before first ovulation in beef cows, which have evaluated LH and follicle-stimulating hormone (FSH) receptors in granulosa cells, LH recep¬ tors in thecal cells and concentrations of progesterone, oestradiol, androstenedione and testoster¬ one in follicular fluid, suggest that follicles which develop during the post-partum anoestrous period are similar to those which develop during the luteal phase of oestrous cycles (Walters et ai, 1982; Spicer et ai, 1983; Braden et ai, 1986; Prado et ai, 1989 ). It appears, therefore, that ovarian follicular capacity is not a limiting factor in post-partum anoestrus. Data in the literature have shown that a more likely explanation for the suckling-induced inhibition of ovulation and oestrus in beef cows is reduced frequency of pulsatile LH release, reduced follicular LH receptor concen¬ trations and thus decreased synthesis of androgens, which are the precursors for the pro-oestrus oestradiol rise. Removal of the suckling stimulus on Day 21 post partum increased pulsatile LH release and markedly increased follicular LH receptor concentrations (Walters et ai, 1982) . The increased frequency of pulsatile LH release in weaned beef cows is similar to the pattern of pulsatile LH release that occurs before first oestrus and ovulation in beef suckler cows (Humphrey et ai, 1976) and in dairy cows (Webb et ai, 1980) . If a calving interval of 365 days is to be achieved in beef suckler production systems, then it is necessary to have early resumption of ovulation after calving and the re-establishment of oestrous cycles of normal duration. Short cycles (<17 days) occur spontaneously before first oestrus in prepubertal heifers (Berardinelli et ai, 1979; Keisler et ai, 1983 ) and post-partum cows and ewes (Corah et ai, 1974; LaVoie et ai, 1981; Lamming et ai, 1981; Sharpe et ai, 1986) . Corpora lutea with a short lifespan also occur after weaning of calves from anoestrous cows (Odde et ai, 1980; Copelin et ai, 1987) . The physiological importance of short cycles is unknown. However, the transient increase in progesterone ofthe short cycle is followed by resumption of oestrous cycles of normal length in sheep and cattle (Lamming et ai, 1981; Ramirez-Godinez et ai, 1981; Southee et ai, 1988; Savio et ai, 1990b) . Follicular development during short cycles is associated with the development and ovulation of a single dominant follicle (Savio et ai, 1990b) . The occurrence of short cycles appears to be related to the post-partum interval to first ovulation (Savio et ai, 1990b) . Dairy cows which ovulate between Days 20 and 40 post partum have a high incidence of short cycles (Savio et ai, 1990b) . The pattern of follicular growth during short cycles in beef cows was identical to that described for dairy cows and, in 14/16 (88%) beef cows which ovulated after Day 20 post partum, the length of the subsequent cycle was short. The explanation for this observation is unknown. Perry et ai (1989) have shown by ultrasonic examination of ovaries in beef cows that the size of the first and second post-partum ovulatory follicles were similar but they suggest that the interval to first ovulation was not important in influencing cycle type after first ovulation. Savio et al. (1990b) proposed that, if dominant ovulatory follicles are exposed to the carry-over effect of progesterone from the previous pregnancy in the early post-partum period, this may explain the occurrence of short cycles in cows that ovulate after Day 20 post partum. It is also possible that the ovary can recognize, by an as yet unknown mechanism, a defective corpus luteum and eliminate it by the premature release of a uterine luteolysin, presumably prostaglandin F-2a (Savio et ai, 1990b) . It is important to recognize the involvement ofthe uterus in the aetiology of short cycles. Short-lived corpora lutea do not have inherently short lifespans, rather the presence of the uterus results in premature luteolysis (Copelin et ai, 1987) . Confirmation of the role of the uterus, specifically of PGF-2a, in the aetiology of short cycles has been reported by Copelin et ai (1989) , who showed that active immunization of beef cows against PGF-2a/>re una post partum prevented the development of corpora lutea with a short lifespan. They concluded that premature release of PGF-2a from the uterus was responsible for short cycles in post-partum beef cows.
The pattern of turnover of dominant follicles before first ovulation and during oestrous cycles of normal duration was similar, suggesting that the rate at which dominant follicles develop and undergo atresia is similar in the presence or absence of progesterone. This observation agrees with the pattern of follicular development described for dairy cows during early pregnancy (Savio et ai, 1990b) and in pre-pubertal heifers (Ronayne, 1990) .
